considered one disease (Ehlers, 1901; Johnson and Falls, 1949) , two (McKusick, 1959) , three (Barabas, 1967) , five (Barabas, 1967) , and then seven abnormalities Pinnell et al., 1972) have been recognised. Even this classification is incomplete and we have recently studied a probable eighth clinical type (Pope, 1977) . EDS type IV is thought to represent at least two disorders and EDS type III may also be heterogeneous. Eight types of procollagen peptidase deficiency (EDS VII) are theoretically possible. Anomalous steps in the collagen biosynthetic pathway have been identified. Failed synthesis of complete chains (Pope et al., 1975) , cross-linking abnormalities (Pinnell et al., 1972; Lichtenstein et al., 1974; DiFerrante et al., 1975) . mishydroxylation of hydroxylysine (Pinnell et al., 1972) , procollagen cleavage impairment , and alteration in collagen ratios have all been described (Pope et al., 1975; Penttinen et al., 1975; Sykes et al., 1977) . Doubtless other defects await identification.
EDS TYPE I (GRAVIS)
Hyperextensible skin, loose jointedness, facial scarring (typically under the chin), epicanthic folds, blue sclerae, paper-tissue scars, bruising, pectus excavatum, and soft, smooth, easily torn skin are the typical features of this disorder ( Fig. 1 ) (Beighton, 1970) . It is the classical form of the syndrome typical of the early descriptions of EDS. Aortic incompetence and aortic rupture are rare but mitral valve prolapse is not. Inheritance is as an autosomal dominant but the precise biochemical defect is unidentified. Collagen cross-linking may be faulty and increased solubility of tissue collagens has been provisionally described. Amino-acid substitutions are suspected (Steinmann et al., 1977) .
EDS TYPE II (MITIS)
Scarring is less severe (Beighton, 1970) (Beighton, 1970 European dermatologists first described EDS IV as a premature ageing defect, acrogeria (Gottron, 1941; Basex and Dupre, 1955 (McKusick, 1975) .
We have studied several affected patients and there has been a complete lack of type III collagen in tissues and cultured skin fibroblasts from most of Molecular abnormalities of collagen them ( Fig. 3) (Pope et al., 1975) . Obligate heterozygote parents showed intermediate levels of type III collagens (which we estimated at 30% type III in tissues) . The failure to produce an essential structural protein with intermediate levels in parents is closely analogous to the thalassaemias. Variations in haemoglobin production from zero to several percent can result from gene deletion and faulty control of synthetic rate (leaky mutants) (Williamson, 1977; Benz and Nathan, 1975) . Small amounts of type III collagen appear to be produced by some patients who survive longer than usual. Martin and his colleagues have some evidence that this is true in tissue culture (Martin and Steinmann, 1977) and we have patients of this type whose tissues seem to contain small amounts of type III peptides (Fig. 3e ).
EDS TYPE V (LYSYL OXIDASE DEFICIENCY)
This is inherited as a sex-linked recessive trait (affected sons with carrier mothers). DiFerrante et al. (1975) showed that lysyl oxidase (involved in cross-linking) is deficient in the skin fibroblasts. The features are those of classical EDS but scarring is less severe. The disorder is benign in humans, but oxidase-deficient, blotchy mice often die from spontaneous aortic rupture (Rowe et al., 1974 (Fig. 4) , and premature aortic rupture complicate the usual clinical signs of EDS (McKusick, 1972) . Pinnell and colleagues (1972) detected hydroxylysine deficiency in skin biopsies from such patients and Sussman et al. (1974) confirmed that a lysyl hydrosylase defect is responsible for the deficiency. The enzyme hydroxylates lysine residues in the collagen chain after its ribosomal translation. In Lichtenstein et al. (1974) showed that tissues from such patients contained only procollagen, the precursor of collagen (Fig. 5) . This fault follows deficiency of procollagen peptidase, the enzyme responsible for removing the extension peptides and the conversion of procollagen to collagen. The effect of procollagen persistence is to interfere with fibril formation. In sheep and cattle this is lethal (Helle and Nes, 1972; Lenaers et al., 1971 Autosomal dominant and recessive variants of this defect are likely and genetic heterogeneity probable for each (McKusick, 1972; Pope, 1976) . The disease (Fig. 6) located lens, and vascular problems are typical of the Marfan syndrome (Fig. 7) . Classical (McKusick, 1972) , heavy (McKusick, 1976) , and loose-jointed (Marfanoid) (Walker et al., 1969) variants of the Marfan syndrome have been described. The first two are inherited as autosomal dominant characteristics, the latter as an autosomal recessive. We have recently seen a family with the typical Marfan syndrome but probable autosomal recessive inheritance; Fried and Krakowsky (1977) have reported a similar family. Dislocated lenses are typical of the classical variant, less common in the heavy, and absent in the Marfanoid type. Aortic rupture complicates all, especially the heavy variety. Idiopathic autosomal dominant aortic rupture is probably another variant of the syndrome. Specific biochemical defects wait identification. Homocystinuria was separated from the Marfan syndrome when the amino-aciduria of the former was identified. Two types, vitamin B6 responders and nonresponders, occur (Kang et al., 1970) .
Two autosomal dominant (Pope, 1974a) and two autosomal recessive types (Pope, 1974b) Numerous clinical defects having in common dwarfism and degeneration or dislocation of large joints with various associated bony abnormalities are well recognised. The disorders include achondroplasia, pseudoachondroplasia, hypochondroplasia, and thanatophoric dwarfism. There are reviews by McKusick (1972) , Langer (1970), and Maroteaux and Lamy (1965) . Evidence is beginning to accumulate that cartilage collagen may be affected in some of these syndromes (Byers et al., 1978; Holbrook et al., 1977) . Horton et al. (1977) have preliminary evidence that abnormal cartilage collagens are produced by cultured chondrocytes from thanatophoric dwarfes and recognise three subtypes. Sewell etal. (1977) , on the other hand, suggest that the glycosaminoglycans and not collagen are at fault. Possible inherited defects of connective tissue NEUROFIBROMATOSIS Neurofibromatosis may be heterogeneous. Some patients have clinical features reminiscent of inherited connective tissue defects (with extensible joints and skin, blue sclerae, and skeletal abnormalities). The perineurium contains type I and III collagens and cultured neurofibroma cells produce type I collagen (Penttinen et al, 1977) . Further studies are needed.
PROGERIA AND WERNER'S SYNDROME Cutaneous atrophy, premature vascular disease, and osteoporosis suggest a possible inherited collagen defect (Fig. 8) . Clinical resemblances between progeria and acrogeria indicate that collagen synthesis or maturation may be faulty in the former. The latter has a specific deficiency of type III collagen.
GENERAL DISORDERS OF COLLAGEN PRODUCTION
These disorders, which are more fully discussed on other pages, include cirrhosis of the liver, pulmonary fibrosis, atheroma, keloid scarring, and systemic sclerosis. All (McGee and Fallon, 1978) at p. 150).
Other pertinent problems that may reflect defects in the inheritance of connective tissue include susceptibility to varicose veins, herniae, and cerebral or other aneurysms. Although these characteristics are often graded, specific genetic susceptibility should be seriously considered in the explanation of some cases. The investigation of this inheritance is amenable to the analytical techniques outlined above.
